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(54) SOI transistor DRAM device and method of producing the same. 



@ A method for making a dynamic random ac- 
cess memory by silicon-on-insulator compris- 
ing the steps of : dividing a cell area and a 
peripheral area on a first silicon substrate (1) 
and recessing just the cell area where a memory 
device is formed ; forming a first insulating 
layer (3) by isolation of electrical elements in 
order to divide an active region and a passive 
region ; forming and patterning a first conduc- 
tive layer (15) through a contact to which the 
active region and a capacitor are connected on 
the insulating layer to form a storage node ; 
forming a dielectric layer of the capacitor on the 
storage node (6) ; forming and patterning a 
pdysilicon layer on the dielectric layer to form a 
storage node ; forming a second insulating 
layer (11) on the plate node and planarizing the 
insulating layer by thermal treatment ; forming 
a third conductive layer (13) to a predetermined 
thickness on the planarized insulating layer : 
polishing and planarizing the third conductive 



layer by chemical-mechanical polishing tech- 
nique using a second insulating layer as an 
etchstopper and bonding a second silicon subs- 
trate (15) on the planarized third conductive 
layer ; planarizing a backside of the first subs- 
trate by a chemical-mechanical polishing tech- 
nique and exposing the active region (11) ; and 
forming a switching element and a bit line. 



f- G 2 C 



- 2' 

— 9 



Ci'n p n a; fa zj a dlp-| 




f 



Jouve, 18, rue Saint-Denis, 75001 PARIS 



1 



EP 0 606 758 A1 



2 



The present invention relates generally to a dy- 
namic random access memory (DRAM) and a method 
for making a dynamic random access memory. More 
particularly, the present invention relates to a dynam- 
ic random access memory made by using a modified 
silicon-on-insulator (SOI) technology in which tran- 
sistors are formed by silicon direct bonding (SDB) 
and chemical-mechanical polishing (CMP) after ca- 
pacitors are formed by silicon direct bonding and the 
silicon-on-insulator technology. In addition, it also re- 
lates to a method for making a dynamic random ac- 
cess memory by which SOI devices are formed just 
on specific areas including cells so that the technique 
now applied to the bulk silicon is used for devices of 
peripheral circuits, with advantages of SOI direct wa- 
fer bonding. 

Remarkable progress has been made in the man- 
ufacture of Dynamic Random Access Memories 
(DRAM) using high integration technology. As the 
size of semiconductor devices reduces, the problem 
of securing a high capacitance becomes an issue. For 
example, a change in main stream production from 
1 M bit DRAMs to 4M bit DRAMs has been achieved. 

In such a DRAM with high integration, the prede- 
termined capacitance of the cell storage capacitor 
must be kept constant, in spite of the decrease in the 
area of the cells. For example, each area of a cell and 
a capacitor in a 64M bit DRAM decreases to about 0.8 
um 2 /1.0 urn 2 - 

Where the areas of charge storage capacitors are 
also decreased and the capacitance becomes small, 
soft errors may occur on exposure to a-light, and the 
problem of reliability becomes an issue. Accordingly, 
the capacitance of cell storage capacitors must be 
kept constant, in spite of the decrease in the areas of 
the capacitors, in orderto obtain improved integration 
of a semiconductor device. 

In a recent DRAM whose cells are based on tran- 
sistor-stacked capacitor combinations, one of a pair 
of electrodes of a storage capacitor is formed to have 
a three-dimensional structure. This makes the ca- 
pacitance larger, by 30 to 40%, than that of a two-di- 
mensional capacitor having the same size as the 
three-dimensional one. However, the capacitance in- 
creases without the increase of cell areas or storage 
area. Various three-dimensional structures or high di- 
electric constant have been studied. One method for 
obtaining a high capacitance in defined small areas of 
capacitors, such as the above three-dimensional 
DRAMs is described in "A 1.28um Bit-Line Shielded 
Memory Cell Technology for 64 MB DRAMS" - 1990 
symposium of VLSI TECHNOLOGY. 

Active parasitic devices arise such as parasitic 
metal oxide semiconductor transistors or parasitic bi- 
polar transistors in a PN junction-separation struc- 
ture that appears in a complementary metal oxide 
semiconductor structure. In addition, problems can 
occur of deterioration of electric devices and soft er- 



ror due to latch-up phenomenon. In order to prevent 
these problems and attain high density, silicon-on-in- 
sulator (SOI) techniques have been studied in which 
insulating layers are formed as sidewalls of an insu- 
5 lating substrate formed of a material such as Si02 and 
silicon single crystalline wells are formed in these in- 
sulating layers to form semiconductor devices in the 
above wells. 

These techniques have advantages of perfect 

10 isolation of electrical elements, high speed perfor- 
mance, and being latch-up and soft error free. That 
is, a semiconductor device such as CMOS circuits 
can be made. Second, the width of insulating layers 
for isolation depends on just photo-etching, etc. Third, 

is high integration based on the micro-miniaturization 
can be obtained as well as the application with three- 
dimensional devices. 

According to the above techniques, a semicon- 
ductor device of SOI structure is formed by forming 

20 an amorphous or polysilicon layer on an amorphous 
insulating substrate such as Si0 2 and performing re- 
crystallization on the polysilicon layer. Separation by 
implanted oxygen (SIMOX) processes and full isola- 
tion by porous oxidized silicon (FIPOS) processes are 

25 also known, as another approach. 

When it comes to the problems of these SIMOX 
technologies, specially designed oxide ion implanting 
means are required for forming an insulating layer in- 
side a substrate. The FIPOS processes need anodi- 

30 zation just for these processes. Also, zone melting 
(ZMR) requires recrystallization. 

A method of forming a conventional DRAM is now 
described with reference to FIG. 1. 

First, a field oxide layer 2 is formed by selective 

35 oxidation on a silicon substrate 1 and isolation of 
electrical elements is performed. Then, a gate oxide 
8 is grown, and a gate electrode 17 is patterned to 
form a source/drain region. Inter layer insulation is 
carried out by an oxide layer 19 formed by chemical 

40 vapour deposition method, and a conductive Iayer21 
is deposited and patterned. 

After a second interlayer insulation is carried out, 
a contact hole is opened so that a capacitor lower 
electrode 7 contacts the first silicon substrate, and 

45 the lower electrode 7 is patterned. A dielectric layer 
10 and an upper electrode 9 are then formed. 

Successively, after a third interlayer insulation is 
performed, a protective layer 25 is finally formed to 
complete the manufacture of the semiconductor 

50 memory cell. 

As shown in the above process, in order to attain 
sufficient capacitance in the manufacture of the high 
integration DRAM more than the level of very large 
scale integrated circuits (VLSI), a stack type capaci- 

55 tor having a three-dimensionally enlarged area is ap- 
plied. 

As the integrity of the stack type capacitor is more 
than 64M, a storage node is formed in order to secure 
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the capacitance of the cell capacitor. If the storage 
node is raised so that there is a large step difference 
between a cell part and a peripheral part, then con- 
tact or metallization is not easily performed. 

In the formation of P-MOS transistors, there is a 
condition that thermal budget should be small in order 
to maintain transistor characteristics and isolation of 
electrical elements. It is hard to perform planarization 
by borophosphorsilicate glass (BPSG) flow due to 
this condition. 

In line with the high integration of DRAMs, the de- 
gree of difficulty of forming patterns increases. This 
is not only because the size of patterns is small but 
because high overlay accuracy is necessary, and 
since there is a step-like difference as high as the 
height of the cell capacitor, it is difficult to secure an 
alignment margin. 

If the planarity is increased so as to remove the 
step-like difference, the depth of contact for metalli- 
zation is increased, too. Various problems may occur 
by step-coverage or etch damage. 

Study has been made to attempt to solve the 
problems by forming a capacitor in advance by direct 
wafer bonding and silicon-on-insulator processes 
and then making transistors on the opposite silicon 
surface. 

However, if a DRAM cell is made by this way, de- 
vices of peripheral circuits become SOI devices, and 
it is difficult to find a processing condition that meets 
both characteristics. 

That is to say, n-type MOS and p-type MOS tran- 
sistors having a width and a length different to each 
other should be made into SOI devices, and there is 
a difficulty forming active devices of different size on 
SOI. 

An object of this invention is to provide a dynamic 
random access memory and a method for making the 
same, which is capable of preventing deterioration to 
characteristics of a transistor due to subsequent ther- 
mal treatment and problems of grounding plate, by 
forming the transistor after a cell area is deeply re- 
cessed on a semiconductor substrate having the cell 
area and a peripheral area, and a capacitor is formed. 

A second object of this invention is to provide a 
method for making a dynamic random access mem- 
ory using silicon-on-insulator so as to maintain the 
advantages of direct wafer bonding (DWB) and sili- 
con-on-insulator (SOI) techniques and to apply the 
technique applied to the bulk silicon, directly to the 
devices of the peripheral circuit. This object can be 
achieved by forming just an access transistor in a cell 
area on a silicon-on-insulator of less than 100n.m and 
forming devices other than the access transistor on 
a silicon-on-insulator of more than 1nm so as to dis- 
play characteristics of devices formed on the bulk sil- 
icon. 

In a first aspect, a method for making a dynamic 
random access memory by silicon-on-insulator com- 



prises the steps of:- 

dividing a cell area and a peripheral area on a 
first silicon substrate and recessing just the cell area 
where a memory device is formed; 
5 forming a first insulating layer by isolation of 

electrical elements in order to divide an active region 
and a passive region; 

forming and patterning a first conductive layer 
through a contact to which the active region and a ca- 
10 pacitor are connected on the insulating layer to form 
a storage node; 

forming a dielectric layer of the capacitor on 
the storage node; 

forming and patterning a polysilicon layer on 
15 the dielectric layer to form a storage node; 

forming a second insulating layer on the plate 
node and planarizing the insulating layer by thermal 
treatment; 

forming a third conductive layer to a predeter- 
20 mined thickness on the planarized insulating layer; 

polishing and planarizing the third conductive 
layer by chemical-mechanical polishing technique, 
using the second insulating layer as an etchstopper 
and bonding a second silicon substrate on the plana- 
25 rized third conductive layer; 

planarizing a back side of the first substrate by 
a chemical-mechanical polishing technique and ex- 
posing the active region; and 

forming a switching element on the forming a 
30 bit line. 

A dynamic random access memory made by sil- 
iconon-insulator according to the invention compris- 
es: 

an active silicon layer formed to be divided into 
35 several parts, separated from each other by chemi- 
cally and mechanically polishing and planarizing a 
back side of a first substrate having a recessed cell 
area where a memory device will be formed; 

a first insulating layer formed to be divided into 
40 an active region and a passive region on the active 
silicon layer; 

a storage node formed on right and left sides 
of a contact on the first insulating layer; 

a plate node formed on the storage node; 
45 a second insulating layer formed on the plate 

node; 

a handling wafer bonded to a pattern of a poly- 
silicon layer deposited on the second insulating layer 
and polished chemically and mechanically and plana- 
50 rized; 

a gate electrode formed on the active silicon 

layer; 

a third insulating layer formed to be divided 
into several parts and separated from each other on 
55 the active silicon layer where the gate electrode is 
formed; and 

a bit line formed on the third insulating layer. 
In accordance with a further aspect of this inven- 
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tion, a method for making a dynamic random access 
memory by silicon-on-insulator comprises the steps 

of: 

recessing a specified area including adynamic 
random access memory cell formed on a silicon sub- 
strate; 

forming a well on the substrate; 

forming a trench in order to isolate electrical 
elements between cells in the recessed area and 
form an align-key; 

filling the trench with buried oxide; 

forming a buried contact on the buried oxide; 

forming a capacitor; 

planarizing a pattern formed by the processes; 

bonding an active wafer passed the processes 
to a handle wafer; 

removing a silicon of the active wafer to a bot- 
tom of the trench; 

wet-etching a silicon layer formed on an area 
that is not recessed on the silicon substrate and per- 
forming isolation of electrical elements by means of 
a local oxidation of silicon process; 

forming devices of a peripheral circuit such as 
n-type and p-type metal oxide semiconductors and a 
register pattern in a conventional manner; 

forming devices such as a metal oxide semi- 
conductor and a transistor on the recessed area of the 
silicon substrate; 

forming contacts simultaneously on a plate 
node, a cell, a gate and a metallization of the periph- 
eral circuit and on a bit line, respectively; 

forming simultaneously a bit line of the cell 
area and the metallization of the peripheral circuit; 
and 

carrying out passivation and alloying on the 
pattern. 

The above and further objects, features and ad- 
vantages of the present invention will become more 
apparent from the following detailed description of 
embodiments taken in conjunction with the accompa- 
nying drawings. 

FIG. 1 is a sectional view of a conventional dy- 
namic random access memory (DRAM); 
FIGS. 2Ato 2G depict the steps in the manufac- 
ture of a DRAM by silicon-on-insulator processes 
in accordance with a first preferred embodiment 
of this invention; 

FIGS. 3A to 31 depict the steps in the manufacture 
of a DRAM by silicon-on-insulator processes in 
accordance with a second preferred embodiment 
of this invention; 

FIG. 4 depicts a joining machine that is used at 
the time of manufacturing the DRAM in accor- 
dance with the second preferred embodiment of 
this invention. 

A detailed description of the present invention 
will now be made referring to the accompanying 
drawings. 



Af irst preferred embodiment of making a dynam- 
ic random access memory (DRAM) by silicon-on-in- 
sulator (SOI) techniques is described as follows. 
FIGS. 2A to 2G depict the steps in the manufac- 
5 ture of a DRAM by silicon-on-insulator processes in 
accordance with a first preferred embodiment of this 
invention. 

The method of manufacturing a dynamic random 
access memory (DRAM) includes the steps of divid- 

w ing a cell part and a peripheral part on a first single 
crystalline silicon substrate 1 and recessing deeply 
just the cell part where a memory device is formed; 
forming a first insulating layer 3 by isolation to sepa- 
rate an active region and a passive region; forming 

15 and patterning first conductive polysilicon layers 5, 7 
on the insulating layer 3 through a contact to which 
the active region and capacitor are connected to form 
a storage node 6; forming and patterning a capacitor 
dielectric layer and a polysilicon layer on the storage 

20 node 6 to form a plate node 9; forming and thermally 
treating a second insulating layer 11 on the plate 
node 9 to be planarized; forming another polysilicon 
layer 13 to a predetermined thickness on the plana- 
rized second insulating layer 11; polishing the polysi- 

25 licon layer chemically and mechanically, using the 
second insulating layer as an etchstopper and bond- 
ing a handling wafer 15 on the polished first sub- 
strate; thinning a backside part of the first substrate 
1 by a chemical-mechanical polishing method to ex- 

30 pose an active silicon layer 1'; and after making a 
gate electrode 17 on the active silicon layer 1' and a 
predetermined device, applying a third insulating lay- 
er 19 and forming a bit line 21. 

To explain the above processes in detail, the cell 

35 part where a memory device is deeply recessed after 
the cell part and the peripheral part are divided on the 
single-crystalline silicon substrate 1, as shown in 
FIG. 2A. 

The cell part is recessed more than the height of 
40 the capacitor. After just the part that will be isolated 
in the recessed cell part is etched to a thickness of 
more than 500 angstroms by shallow trench techni- 
que, an oxide layer is formed for damage cure, and a 
high temperature oxide (HTO) and a borophosphor- 
45 silicate glass (BPSG) are united with each other to 
form an insulating layer 3 to a thickness in which can 
be isolated. 

A first conductive layer of polysilicon is formed 
on the insulating layer 3 so thickly that sufficient ca- 

50 pacitance can be obtained through the contact to 
which the active region and capacitor are connected. 
After patterning the first conductive layer, the storage 
node 6 is formed. The first conductive layer is depos- 
ited by a differential doped polysilicon deposition that 

55 forms a doped polysilicon layer 7 thickly, after an un- 
doped polysilicon layer 5 is thinly formed. When a 
junction of the source region is formed by a succes- 
sive thermal treatment after the capacitor processes, 
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the above way prevents the junction from being 
formed too deeply. The first conductive layer is pat- 
terned to form the storage node 6. 

Dielectric layers of the capacitor are formed by 
various high dielectric materials such as oxide 
film/nitride film/oxide film that does not appear on the 
pattern where the storage node 6 is formed as shown 
in FIG. 2D. The second conductive layer, polysilicon 
is formed and patterned to form a plate node 9 there- 
by completing the capacitor processes. 

After the insulating layer to which HTO and 
BPSG are united is thickly formed and planarized by 
thermal treatment, the polysilicon layer 13 is formed 
to a predetermined thickness. 

As shown in FIG. 2E, the polysilicon layer 13 is 
planarized by CMP method in which the insulating 
layer 11 serves as an etch stopper, and a glass side 
of the handling wafer 15 is bonded on the planarized 
polysilicon layer. The bonding method is similar to a 
conventional way, i.e. the bonding is performed by 
thermal treatment. 

Referring now to FIG. 2F, being turned upside 
down, the backside of the wafer where the capacitors 
are formed is polished by CMP method using the in- 
sulating layer 3 as an etch stopper. 

Successively, as shown in FIG. 2G, the gate elec- 
trode 17 is formed on the active silicon layer 1' re- 
mained after the CMP process, and the source/drain 
region is made by ion-implantation to form the switch- 
ing elements. After that, the insulating layer 19 is ap- 
plied and the bit line 21 is formed. 

The above-mentioned contact is formed on the 
borderline between the cell part and the peripheral 
part to be connected with the plate node 9, the second 
conductive layer of the capacitor formed in the oppo- 
site side. The plate node 9 can be grounded after the 
insulating layer 3 formed in the field area and the di- 
electric layer for the capacitor are removed complete- 
ly- 

After the metallization and passivation process- 
es, the processes of the memory cell are completed. 

A second preferred embodiment of the DRAM by 
using SOI technology is described as follows. 

FIGS. 3Ato3l depict the steps in the manufacture 
of a DRAM by silicon-on-insulator processes in accor- 
dance with a second preferred embodiment of this in- 
vention. FIG. 4 depicts a joining machine that is used 
at the time of manufacturing the DRAM in accordance 
with the second preferred embodiment of this inven- 
tion. 

In the processes for making a DRAM in accor- 
dance with the second preferred embodiment of this 
invention, access transistors of cell areas are formed 
on SOI having a thickness of less than 100 nm. An- 
other devices except the access transistors are 
formed on SOI having a thickness of 1 nm so as to dis- 
play the characteristics of the devices formed on a 
bulk silicon. 



The processes therefor include a first step for re- 
cessing certain areas including the parts where 
DRAM cells are formed on a silicon substrate 100; a 
second step for forming wells on the substrate; a third 

5 step for forming a trench 1 04 to isolate electrical ele- 
ments between cells and form align-keys on the re- 
cessed area; a fourth step for filling the trench 104 
with a buried oxide 1 06; a fifth step for forming a bur- 
ied contact 108 on the buried oxide 106; a sixth step 

10 for forming capacitors; a seventh step for planarizing 
a pattern formed through the above steps; an eighth 
step for cutting an active wafer on which the above 
steps are carried out to join it to a handle wafer 112; 
a ninth step for recessing the silicon of the active wa- 
rs fer nearly to the bottom of the trench formed in the 
third step; a tenth step for wet-etching the silicon 
formed on the area that is not recessed in the first 
step and isolating electrical elements by a local oxi- 
dation of silicon (LOCOS) process; an eleventh step 

20 for forming devices of peripheral circuits such as n- 
type MOS and p-type MOS transistors and register 
patterns after the above processes; a twelfth step for 
forming MOS transistors on the recessed area of the 
silicon substrate; a thirteenth step for forming simul- 

25 taneously contacts and bit-line contacts on a plate 
node, a cell, gate electrodes of a peripheral circuit and 
a line of the peripheral circuit; a fourteenth step for 
forming a bit line of the cell area and a line of the per- 
ipheral circuit; and a fifteenth step for carrying out 

30 passivation and alloying on the pattern after the 
above steps. 

The above steps are now in detail described with 
reference to the drawings. 

As a first step, boron and Ge are ion-implanted 

35 by a high energy of 1E20/cm 2 on a bare silicon 100, 
and when the active wafer is thinned at the later proc- 
ess, an etchstopper layer 102 that can be used as an 
etchstopper is formed. After direct wafer bonding 
(DWB) treatment, the silicon of the area where a thin 

40 SOI is formed is wet-etched to a thickness of I and re- 
cessed. Recessing the oxide layer after local oxida- 
tion instead of the wet etching may be available but 
it has a difficulty of recessing the oxide layer to a 
depth of more than 1(j.m. The recess by wet-etching 

45 the silicon has a problem of uniformity of recessed 
depth. Therefore, boron and Ge are ion-implanted by 
a high energy of 1E20/cm 2 to use an etchstopper at 
the time of the recess. In this case, two etchstop lay- 
ers 102 whose thicknesses differ from each other's. 

50 The p-type well and n-type well are respectively 

formed by ion-implantation of boron and phosphor- 
ous in the second step. 

The third step uses a thermal oxide layer of more than 
30nm as a mask of the trench etching. The depth of 
55 the trench is over 1 50nm and below 300 nm, and pat- 
terning is carried out so that the area where electrical 
elements are isolated, the region where a contact of 
a plate node 116 is formed, and the align-key neces- 
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sary for the sixth step. After the formation of the 
trench 104, boron or BF 2 is ion-implanted for doping 
the element-isolated area, and the oxide layer serv- 
ing as tne mask is removed. 

After the thermal oxide layer is grown to a thick- 
ness of 10nm, and an oxide layer by CVD is applied 
thereto thickly more than the depth of the trench, a sil- 
icon nitride layer of 10nm is deposited, and an oxide 
layer by CVD is deposited thereby making the state 
of FIG. 3B. The reason why the silicon nitride layer is 
inserted between the oxide layers is that a plate poly 
120 is 

deposited between the storage node 118 and the bur- 
ied oxide 106 (silicon oxide layer/silicon nitride layer) 
thereby increasing the capacitance of the capacitor 
and the SOI serves as a back gate. 

In the fifth step, the buried contact 108 is formed 
on the buried oxide 106 (thermal oxide + HTO + SiN 
+ HTO), and this contact 108 connects the storage 
node to the thin SOI. Phosphorous is ion-implanted to 
the above contact. 

The capacitor formed in the sixth step has a cyl- 
indrical shape or a crown shape in accordance with 
the design rule, required stored capacitance, etc. Af- 
ter insitu phosphorous doped poly silicon is applied to 
a thickness of more 200 nm than the depth of the re- 
cess in order that the planarity is good at the time of 
patterning the storage node 118 and the align-key 
formed in the third step is exposed, the storage node 
is patterned by CMP method. The oxide layer is wet- 
etched provided the oxide layer applied in the fourth 
step is exposed by dry-etching the storage poly 114, 
The silicon nitride layer formed in the fourth step 
serves as a stopping layer of the etching. When sili- 
con nitride layer/oxide layer (NO) dielectric layer is 
formed and insitu- doped poly is applied, the plate 
poly 116 is applied between the storage node 118 and 
buried oxide, as shown in a circle A of FIG. 3D. The 
plate poly 116 is applied to a thickness of 100 to 200 
and patterned to have a configuration of FIG. 3D. 

The seventh step is a step for polishing global to- 
pology and undulated surface so that DWB process 
is possible. The oxide layer by CVD and a borophos- 
phorsilicate glass (BPSG) 1 22 are applied and ref low 
is carried out at a temperature of more than 800°C. 
Polysilicon 124 is applied and the CMP process is 
carried out to form the configuration of FIG. 3E. The 
BPSG 122 serves as a stopping layer of this CMP 
process. The oxide layer by CVD (including the BPSG 
122) is overlaid and thermal treatment is carried out 
to complete the planarization. 

The eighth step is a step for joining the handle wa- 
fer 112 

and the active wafer formed through the 7th step, and 
includes the following three stages. As a first stage, 
the active wafer and the handle wafer that will be 
joined together are dipped respectively in a mixed sol- 
ution of sulfuric acid and aqueous hydrogenperoxide 



of 130°C and a mixed solution of liquid ammonia and 
aqueous hydrogenperoxide of 80°C for a few minutes. 
The two wafers are dried and their particles are then 
removed such that their surfaces are terminated to an 
5 alkali radical. 

As a second stage, two wafers join the joining 
machine shown in FIG. 4, with the planarized surface 
of the active wafer facing the glass side of the handle 
wafer. 

10 The following table 1 shows that misalignment of 

the rotational direction may be controlled at an angle 
of less than 0.01 if the wafers are joined together by 
using the joining machine. Big misalignment causes 
a problem of alignment in the photoetching process 

15 after the tenth step. 

As a third stage, two wafers are thermally treated 
for more than two hours in an ambient of nitrogen at 
a temperature of over 800°C, and, successively, a 
thermal oxide layer is then formed in an ambient of 

20 oxygen in order to increase joining intensity 

and remove voids of the joining interface. Forming 
the thermal oxide layer can prevent the handle wafer 
from being damaged at the time of wet-etching the 
silicon. 

25 

Table 1: 



The Result of Gauging the 
Misalignment of the Rotational 
Direction After the Joining of the Two 
Wafers 


Sample No. 


Measured Degree 


1 


0.008° 


2 


0.008° 


3 


0.001° 



40 In the next 9th step, the active wafer passes 

through a series of backlapping/wet-etching/CMP. 
The backlapping is used for the purpose of enhancing 
the throughput, since the speed of removing the sili- 
con just by CMP is too slow. The wet-etching removes 

45 silicon particles produced by the backlapping to de- 
crease occurrence of scatches and deterioration of 
the wafer in the subsequent CMP process and uni- 
form the thickness of the silicon layer by using an 
etchstopper. The silicon layer is thinned to a thick- 

50 ness of 50nm by the backlapping, and is then thinned 
to several micro-meters by means of a mixed solution 
of KOH/IPA of about 80°C in the wet-etching. The re- 
mained silicon is thinned by CMP. The oxide layer f i l- 
led in the trench in the fourth step serves as a polish 

55 stopper, as shown in FIG. 3G. 

Referring now to the tenth step, thethin SOI area, 
i.e. the recessed area is covered with a silicon oxide 
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layer/silicon nitride layer/silicon oxide layer. The sili- 
con in the thick SOI area is wet-etched to form a step- 
like difference of about 300nm between the thin SOI 
area ana the thick SOI area. After that, isolation of 
electrical elements is performed in the thick SOI area 
by LOCOS. The oxide layer formed on the nitride lay- 
er in the thin SOI area is removed under the etching 
process of the oxide layer, and the nitride layer and 
the oxide layer formed underneath the nitride layer 
are remained. In the eleventh step, after n-type and 
p-type MOS transistors, register patterns, etc. are 
formed, an oxide layer formed by CVD is applied 
thereto such that it is higher than the top of the silicon 
nitride layer remained in the thick SOI area by about 
200nm. The CVD oxide layer is planarized by CMP, by 
using the nitride layer as a stopper. The nitride layer 
and the oxide layer are wet-etched to have a config- 
uration as shown in FIG. 3H. 

In the twelfth step, a thermal oxide layer of 50 nm 
is formed. An oxide layer is formed to a thickness of 
more than 150nm in the region having the phosphor- 
ous out-diffused in the storage node 118 formed in 
the sixth step after the ion-implantation in the fifth 
step. The oxide layer of 60nm is wet-etched and the 
gate oxide layer is again formed. Gate electrodes I, II 
124, 124' are then formed, and source/drain is 
formed to form SOI transistor. The gate electrode 1 24 
is formed of metal, e.g. W or composite of Ti nitride 
layer and metal, and then patterned to be a line of 
thick SOI region simultaneously with patterning the 
gate line. After that, a CVD oxide layer is applied as 
an interlayer insulating layer. 

In the thirteenth step, a contact and a bit line con- 
tact are simultaneously formed over the plate node 
116, cell, gate electrode of the peripheral circuit, met- 
allization of the peripheral circuit. 

Referring now to FIG. 14, the bit-line 127 is 
formed on the pattern where the contact is formed. 
The bit-line is formed of metal, and is patterned simul- 
taneously with the line of the thick SOI region to have 
a structure of FIG. 31. The reference numerals ap- 
pearing in the drawing designate the following ele- 
ments: ONO 110; an oxide layer 125; a bonded inter- 
face 128; and Si0 2 129. When it comes to the fif- 
teenth step, customary semiconductor manufactur- 
ing processes such as passivation and alloying are 
carried out on the pattern to complete a DRAM. 

In the first preferred embodiment of this inven- 
tion, even if the storage node is raised to secure the 
capacitance of the capacitor at the time of manufac- 
turing a DRAM, there is no problem of step-like dif- 
ference between the peripheral area and the area. 
Besides, even if the device is highly integrated, the 
area where one capacitor occupies is relatively small 
but the height may be increased as much as you like, 
and the sufficient capacitance of the capacitor can be 
secured. Since the processes for manufacturing the 
DRAM begin with forming the capacitor and the tran- 



sistor is then formed, there can be prevented the de- 
terioration to the characteristic of the transistor due 
to the weak of the junction caused by the subsequent 
thermal treatment. Thus, the subsequent processes 

5 may be easily carried out. Since the cell area is re- 
cessed by the shallow trench method, a thick oxide 
layer is not used at the time of the isolation of elec- 
trical elements to facilitate the formation of the con- 
tact for grounding the plate node of the capacitor on 

10 the borderline of the peripheral area and the cell area. 
Referring to the second preferred embodiment, the 
advantages of DWB and SOI techniques are main- 
tained intact by forming the SOI devices just in the 
specified areas including the cell area, and there can 

15 be solved problems such as step coverage and etch 
damage caused by increasing the planarity to over- 
come the step-like difference of the capacitor. The 
technique applied to the bulk silicon may be directly 
to the devices of the peripheral circuit. 

20 

Claims 

1. A method for making a dynamic random access 

25 memory by silicon-on-insulator comprising the 

steps of: dividing a cell area and a peripheral area 
on a first silicon substrate (1) and recessing just 
said cell area where a memory device is formed; 
forming a first insulating layer (3) by isolation of 

30 electrical elements in order to divide an active re- 

gion and a passive region; forming and pattern- 
ing a first conductive layer (5) through a contact 
to which said active region and a capacitor are 
connected on said insulating layer to form a stor- 

35 age node; forming a dielectric layer of the capac- 

itor on said storage node (6); forming and pat- 
terning a polysilicon layer on said dielectric layer 
to form a storage node; forming a second insulat- 
ing layer (11) on said plate node and planarizing 

40 said insulating layer by thermal treatment; form- 

ing a third conductive layer (13) to a predeter- 
mined thickness on said planarized insulating 
layer; polishing and planarizing said third conduc- 
tive layer by a chemical-mechanical polishing 

45 technique, using said second insulating layer as 

an etchstopper and bonding a second silicon sub- 
strate (15) on said planarized third conductive 
layer; planarizing an opposite side of the first 
substrate by a chemical-mechanical polishing 

50 technique and exposing said active region (11); 

forming a switching element on said active re- 
gion, forming a third insulating layer (19) and 
then forming a bit line (21). 

55 2. The method according to Claim 1, wherein said 
first insulating layer is formed of a high tempera- 
ture oxide layer and/or a borophosphorsilicate 
glass layer. 
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3. The method according to Claim 1 or Claim 2, 
wherein said first conductive layer is formed by 
a differential doped polysilicon deposition meth- 
od forming an undoped polysilicon layer (7) thinly 
and forming a doped polysilicon layer thickly on 
said undoped polysilicon layer. 

4. The method according to any preceding claim, 
wherein said second insulating layer is combined 
with high temperature oxide and borophosphor- 
silicate glass. 

5. The method according to any preceding claim, 
wherein said bit line is formed to be connected 
with the plate node, the second conductive layer 
formed on the opposite side through the contact 
on a border line between the peripheral area and 
the cell. 

6. The method according to Claim 5, wherein a plate 
poly is grounded after removing completely the 
insulating layer formed in a field and the first in- 
sulating layer, a dielectric layer of capacitor. 

7. The method according to any preceding claim, 
wherein said third conductive layer is formed of 
polysilicon. 

8. The method according to any preceding claim, 
wherein said active region is formed of an active 
silicon layer. 

9. A dynamic random access memory made by sil- 
iconon-insulator, comprising: an active silicon 
layer (1) formed to be divided into several parts 
and separated from each other by chemically and 
mechanically polishing and planarizing the back 
of a first substrate having a recessed cell area 
where a memory device will be formed; a first in- 
sulating layer (3) formed to be divided into an ac- 
tive region and a passive region on said active sil- 
icon layer; a storage node (6) formed on sides of 
a contact on said first insulating layer; a plate 
node (9) formed on said storage node; a second 
insulating layer (11) formed on said plate node; a 
handling wafer(15) bonded toa pattern of a poly- 
silicon layer deposited on said second insulating 
layer and polished chemically and mechanically 
and planarized; a gate electrode (17) formed on 
said active silicon layer; a third insulating layer 
(19) formed to be divided into several parts and 
separated from each other on the active silicon 
layer where said gate electrode is formed; and a 
bit line (21) formed on said third insulating layer. 

10. A method for making a dynamic random access 
memory by silicon-on-insulator comprising the 
steps of: 



recessing a specified area including a dy- 
namic random access memory cell formed on a 
silicon substrate (100); forming a well on said 
substrate; forming a trench (104) in order to iso- 

5 late electrical elements between cells in said re- 

cessed area and form an align-key; filling said 
trench with buried oxide (105); forming a buried 
contact (108) on said buried oxide; forming a ca- 
pacitor; planarizing a pattern formed by said 

10 processes; bonding an active wafer passed said 

processes to a handle wafer (112); removing sil- 
icon of said active wafer to a bottom of said 
trench; wet-etching a silicon layer formed on an 
area that is not recessed on said silicon substrate 

15 and performing isolation of electrical elements 

by means of a local oxidation of silicon process; 
forming devices of a peripheral circuit such as n- 
type and p-type metal oxide semiconductors and 
a register pattern in a conventional manner; 

20 forming devices such as a metal oxide semicon- 

ductor and a transistor on the recessed area of 
said silicon substrate; forming contacts simulta- 
neously on a plate node, a cell, a gate and a met- 
allization of the peripheral circuit and on a bit line, 

25 respectively; forming simultaneously a bit line 

(127) of the cell area and the metallization of the 
peripheral circuit; and carrying out passivation 
and alloying on said pattern. 

30 11. The method according to Claim 10, wherein re- 
cessing the silicon of said active wafer to a bot- 
tom of said trench follows lapping/wet-etch- 
ing/chemical-and-mechanical polishing. 

35 12. The method according to Claim 10 or 11 , wherein 
an etchstopping layer is formed so as to facilitate 
said lapping/wet-etching/chemical-and-mechani- 
cal polishing process prior to recessing the spe- 
cified area. 

40 

13. The method according to anyone of Claims 10 to 

12, wherein an etchstopping layer is formed so as 
to facilitate recessing the specified area prior to 
said process. 

45 

14. The method according to anyone of Claims 10 to 

1 3, wherein said planarization process includes a 
chemical-and-mechanical polishing process af- 
ter applying a buried oxide and overlaying poly- 

50 silicon or amorphous silicon. 

15. The method according to any one of Claims 10 to 

14, wherein said active wafer is bonded to a han- 
dling wafer after an Si0 2 layer is formed. 

55 

16. The method according to anyone of Claims 10 to 

15, wherein the bonding process of said active 
wafer and handling wafer is carried out by suc- 
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cessively and thermally treating In an ambient of 
0 2 after thermal treatment in an ambient of N 2 . 

17. The method according to any one of Claims lUto 

16, wherein a gate electrode of said metal oxide 5 
semiconductor in the cell area and the line of the 
peripheral circuit are simultaneously formed. 

18. The method according to any one of Claims 10to 

17, wherein isolation of electrical elements using 10 
a local oxidation of silicon process is performed 

by making devices of the peripheral area and ap- 
plying an interlayer insulating layer after covering 
a silicon oxide layer/silicon nitride layer/silicon 
oxide layer on a specified area including the cell, 15 
and then carrying out a planarization in a chem- 
ical-mechanical polishing method, using the sili- 
con nitride layer of a predetermined area as a 
stopper. 

20 

19. The method according to any one of Claims 10to 

18, wherein said process for making the capacitor 
a plate node of said capacitor penetrates be- 
tween the buried oxide and the storage node. 

25 
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